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@ Eiectrooptic device. 

@ In an eiectrooptic device comprising a first substrate (1, 2, 3, 4, 5) having a color filter (2) formed thereon, a 
transparent electrode (4) formed on the color filter and an orientation film (5) fonmed on the transparent 
lectrode, a second substrate (6). and a liquid crystal (11) sealed between said two substrates, said orientation 
film (5) is formed to extend outside of a region where it overlaps with said second substrate (6), thereby to 
improve the chemical duratrility and particularly the resistance against electric coroslon. 
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Th present inv ntion r lat s to an lectrooptic d vie and, more particularly, to an lectrooptic device 
having a color filt r layer. 

Various m thods are known for forming a transparent electrode on a color fitter, these methods diff ring 
with respect to form and quality of th color filt r, existence or non xist nee of a protective layer and oth rs 

5 (see e.g. JP-A-233720/1986. JP-A-260224/1986. JP-A-198131/1986 and J P-A-1 53826/1 987). 

In the prior art. a color filter and a protective layer are formed of an organic resin since it allows to 
achieve fine patterns. The heat resistance of such organic resin is relatively low. preventing temperatures 
at>ove 220 to 230 *C to be used when a transparent electrode is formed directly on the color filter or 
through the protective layer. Such low temperature results in a poor film quality of the transparent electrode, 

10 leaving problems such as a low surface hardness, for example, and hence an insufficient physical strength. 
Furthenmore, electric corrosion occurs when an electric field is applied under an environment Including an 
electrolyte such as water or the like, i.e. the chemical resistance Is also unsatisfactory. These problems 
result In the reliability of the electrooptic device as a whole being poor. Therefore, a method for pigmenting 
the color filter formed through a dying process has hitherto been employed for enhancing the heat 

15 resistance of the color filter itself. Since, however, the problem is inherent in the heat resistance of the 
holding resin a sufficient improvement cannot be achieved. Attempts have been made to enhance the heat 
resistance of the resin but the results tumed out to be not satisfactory. Instead, other problems occurred, 
namely that short wavelength light is at)sort)ed and turns the resin yellow, that the resistance to alkali Is 
decreased and others. 

20 As an alternative a method for forming the color fitter by sublimating a substance with high heat 
resistance such as a pigment or the like Into a porous Inorganic layer has t>een proposed. However, even in 
this case problems as to pattern precision, color purity and others remain unsoh^ed. 

The present invention is intended to remedy the above explained problems of the prior art and its 
object is to provide an electrooptic device having a transparent electrode on a color filter directly or through 
25 a single or plural organic or inorganic layers, which exhibits an improved chemical durability and particularly 
a high resistance against electric corrosion, and a high reliability. 

According to the invention, this object is achieved by an electrooptic device as claimed in claim 1. 
Specific embodiments of the invention are claimed In the dependent claims. 

According to the claimed invention, an orientation film of the color filter carrying substrate extends 
30 outside of a region where the color filter carrying substrate and an opposite substrate overlap each other. 
The extended portion of the orientation film serves as a protective layer for the transparent electrode in an 
input terminal portion of the color filter carrying substrate. Thereby, an electric corrosion resulting from ionic 
deposits sticking to the electrooptic device, a water content In the surrounding atmosphere and the effect of 
an electric field applied at the time of driving is avoided to prevent a disconnection of the transparent 
35 electrode. Thus, an electrooptic device of high grade and high reliability can be easily provided. 

Emt)odiments of the present invention will be descrit>ed in detail hereinafter with reference to the 
accompanying drawings, in which: 

Rg. 1 is a sectional view of a sul)strate with a color filter according to Example 1. 
Rg. 2 is a sectional view of the electrooptic device according to Example 1 , 
40 Rg. 3 is a sectional view of a substrate with a color filter according to Example 2, 
Rg. 4 is a sectional view of the electrooptic device according to Example 2, 
Rg. 5 shows an electrooptic device according to Example 3, and 
Rg. 6 is a sectional view of the electrooptic device according to Example 4. 
The method for forming protective layers depends on the method for forming color filters. Therefore, 
45 the formation of the color filters will be described separately hereafter for each example. However, it goes 
without saying that an electrooptic device according to the present invention can be realized by methods for 
forming color filters and protective layers other than those given in the examples, and also the materials are 
not limited to those mentioned in the examples. Further, the thicker an orientation film, the better it serves 
to prevent the transparent electrode from having contact with the atmospheric air and hence it is preferable 
50 that the thickness is 5 nm (50 A) or more or even better 20 nm (200 k) or more. 

Example 1 

A first xampi will fc>e xplained with r f r nee to Rgs. 1 and 2. Rg. 1 shows a sectional view of a 
55 suttstrate with a color filter according to th pres nt inv ntion. A color filt r 2 is formed on a glass substrat 
1 by printing three kinds of ink in stripe form at a thickness of 1.5 urn through offset printing. Red, blue and 
green pigments are dispersed in th three kinds of inks, r spectively. Th n an acrylic resin is formed at a 
thickn ss of 10 um through screen printing, flatt ned by grinding and th n dried at 180* C for two hours. 
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Thereby, a protectiv lay r 3 is formed on th whole surface of the glass substrat 1 and th color filt r 2. 
A transparent conductive film consisting of indium xid - tin oxide (h reinafter r fenred to as ITO) is formed 
at a thickness of 200 nm (2000 k) on the protective layer 3 at a t mperatur of 180*C through a cold 
magn tron sputtering. Transpar nt lectrodes 4 ar formed from this transpar nt conductive film by 

5 photolithography such that the electrodes extend perpendicularly to the color filter stripes. 

Rg. 2 shows the structure of the electrooptic device according to the present invention. As in the case 
of the glass substrate 1 shown in Rg. 1, a counter electrode 7 is formed on a glass substrate 6 by ITO in a 
matrix form. Orientation films 5, 8 made of potyimide are then formed at a thickness of 30 to 40 nm (300 to 
400 k) each. Then a liquid crystal 11 including a gap holding material 10 is filled into the gap between the 

10 two substrates and sealed by a seal 9. In the present example the twist angle of the liquid crystal material Is 
230" left and the cell gap is 6 um. 

As shown in Rg. 2, the width of the lower substrate 1 Is larger than that of the upper substrate 6. The 
portion of the lower sut>strate 1 extending tieyond the upper substrate forms an input terminal portion B. 
According to the invention, the orientation film 5 of the substrate 1 extends by a length a beyond a position 

75 A conresponding to the edge of the opposite sut>strate 6 t>arring the input terminal portion B. The effects of 
various values of the length a are shown In Table 1 and will be explained below. 

The electrooptic device~filled with the liquid crystal was first washed in an organic solvent such as 
triethane or the like and was then brushed in alkali water (2 to 4 wt %) for removing stain sticking to the 
input terminal portion and others. Subsequently, driving signals were applied to drive the device on a time 

20 sharing basis at a duty of the 1/200 to 1/400. A continuous test was canied out for 200 hours under an 
environment of 50 * C - 90 RH% to investigate the occurrence of disconnections and other faults. Several 
samples were used in this test and every 50 hours some samples were taken out to check the number of 
disconnections and the particulars. The result Is shown in Table 1 . The line number of the sample devices 
used in this test was 200. 

25 As to the washing of the electrooptic device, it may be washed by exposing it to ultrasonic waves in an 
alkaline surface active agent. However, there are no restrictions as regards the washing of the device 
provided that the input terminal portion and others as well as the seal are not physically damaged and the 
protective layer and others are not chemically damaged by the washing agent. In the present example, a 
brushing was carried out in an alkali water as mentioned above by a nylon rotary brush. In order to avoid 

30 that flaws result from brushing, the rotary brush was applied moderately so as to keep its hairs touching 
lightly. 

Table 1 



Test results of the test carried out under continuous driving 


Length of portion a 


Numt)er of disconnections (Numt^er of corrosions) 


-1 .0 mm 


5 lines (after 50h) 


-0.5 mm 


6 lines (after 50h) 


±0 mm 


0 


+ 0.5 mm 


0 


+ 1.0 mm 


0 



From Table 1 it will bte understood that the effect of the present invention is achieved if the orientation 
film is extended to or beyond the position A, even if by a little distance only. While polyimide has been 
used for the orientation films in the present example, other materials or orientation agents may be used. e.g. 
50 preimide, polyamic acid, polyamide-imide. 

Example 2 

A second xampl of th inv nti n will be xplained in th following with refer nc to Rgs. 3 and 4. A 
55 sectional view of th color filter carrying substrate according to th inv ntion is shown in Fig. 3. As in th 
case of Example 1. a color filter is printed In stripe form on a glass substrate 1 through offset printing and is 
then pr ssed to becom flat. N xt. an poxy acrylat r sin having an UV light photosensitivity is coated to a 
thickness of 1.2 um through spin coating and then selectively xpos d to UV light to obtain a protectiv 
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layer 13. Th transpar nt lectrod 4 is formed ther after as in th case of ExampI 1 . 

The construction of the electrooptic device is shown in Fig. 4. As in the case of Example 1 , a study was 
made with r spect to both, the length a f th ori ntation film 5 on the color filt r carrying substrat and the 
end position C of th protectiv lay r 13. Various lectrooptic d vie s with diff r nt values of th s two 
parameters were made similar to Example 1 . The electrooptic devices were washed and subjected to the 
same test as in Example 1 to allow for an easy comparison. 

The test results are given in Table 2. As regards the position C, "in" indicates that it is Inside of the 
seal 9 and "out" indicates that It is outside thereof. 

Table 2 



Test results of the test carried out under continuous driving 


Length of portion a 


Length of portion C 


Result 


-0.5 mm 


in 


1 pes (after 50h) 


t 


out (iO) 


5 pes (after 50h) 


±0 mm 


in 


0 


t 


out (±0) 


0 


+ 0.5 mm 


in 


0 


t 


out (iO) 


0 



As will be apparent from the results In Table 2, when the end portion of the protective layer 13 gets 
easily contact with the open air (outside of the seal 9), the strength of the ITO is not satisfactory and electric 
corrosion is likely to occur. It will be understood that an effect according to the invention will be realizable if 
the orientation film 5 comes at least to or outside of the position A even in this case. Further, the thickness 
of the liquid crystal layer can easily be controlled by forming the protective layer 13 preferably as far as to 
a position under the seal 9 and. thus, the degree of freedom as regards the position of the protective layer 
13 will increase according to the method of the present invention. 

It should be noted that the present Invention Is not restricted to the color filters and the way of forming 
them as mentioned with respect to Examples 1 and 2. Instead, other methods for forming the color filter 
(such as, for example, electrodeposition, a method of dispersing pigments into a polyimide type substrate 
and others, a method of dispersing pigments into substrates having a UV photosensitivity and of patterning 
by a photoprocess and others) and other materials (such as, for example, thermosetting melamine resin, 
epoxy resin, silicon resin and the like) as the protective layer may be employed. Further, in case the Input 
terminal portion is formed on opF>osite sides of the color filter carrying substrate, the orientation film may 
likewise be formed on these opposite sides. However, where the input terminal portion is provided on one 
side only, the opposite side underiles no particular restriction and, hence, the orientation film may or may 
not come outside of the seal there. The opposite substrate Is then not subjected to any restriction. 

Example 3 

A third example will be explained with reference to Fig. 5 showing a dimming cell 100 and an optically 
anisotropic body 200 anranged between polarizers 14 and 15. The dimming cell 100 is an electrooptic 
device as described in Example 1 or Example 2. The optically anisotropic body 200 has the same optical 
characteristic as the dimming cell 100, namely a value of the product d x An (d = cell gap. An = refractive 
index anisotropy of the liquid crystal or the optically anisotropic body is the same). In the present example, 
the optically anisotropic tx>dy 200 uses the same liquid crystal as the dimming cell 100 having, however, a 
reverse twist (right) in the same cell gap. The angle formed by the orientations of the interface of the 
dimming cell 100 and the optically anisotropic body 200 Is 90* and the angle formed by the polarization 
axis of each polarizer and th ori ntation of adjacent side of th lectrooptic d vie 1 00 and tii optically 
anisotropic bo6y 200, respectively, is adjusted to 20 to 50* so as to have whit at th tim of all lighting. 
Then, an lectrooptic d vice with high contrast and capabi of indicating whit and black can be formed. A 
similar ffect can be achieved if a film Is used as the optically anisotropic body. 
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With r f r nee to Rg. 6 a fourth xample will be xplained. Aft r preparing th substrate with a color 
fitter as in the case of Example 1, th counter electrode 7 is prepared in matrix form on the opposite glass 
substrat 6 using ITO. The orientation films 5, 8 are then formed of polyimid with a thickn ss of 30 to 40 
nm (300 t 400 A) in areas excluding th se for th seal 9. Th liquid crystal 11 and a gap mat rial 10 are 
5 filled into the gap between the two substrates which are then sealed by the seal 9 to complete the 
electrooptic device. 

As in the case of Example 1, several samples with different values of the length a were prepared, 
washed in an organic soh^ent such as triethane or the like, then brushed in an alkali water~(2 to 4 wt %) for 
removing stain sticking to the input terminal portion and others and then tested for reliability. The results 
10 were similar to those of Example 1 . 

As is shown by the present example, from forming the orientation films concurrently inside of the seal 
and outside on the terminal portion at least within the area where the upper and lower substrates overly 
each other, the portion where electric corrosion is otherwise likely to occur is protected and, therefore, a 
similar effect as in Example 1 is obtained. It goes without saying that the idea of Example 4 can also be 
75 applied to Examples 2 and 3. 

In the present example, while polyimide has been mentioned as an example for the orientation film 
material, other materials for example polyamide-imide, rhombic Si02, and others can be used, provided that 
they have a characteristic required to be used as orientation material and insulating property. 

As has been descrit>ed above, according to the present invention, the area covered by the orientation 
20 film on the color filter carrying substrate is extended outside of the region where two opposing substrates 
overlap each other. 

Claims 

25 1. An electrooptic device comprising a first substrate (1 , 2, 3, 4, 5) having a color filter (2) formed thereon, 
a transparent electrode (4) formed on the color filter and an orientation film (5) formed on the 
transparent electrode, a second substrate (6), and a liquid crystal (11) sealed between said two 
substrates, wherein said orientation film (5) is formed to extend outside of a region where it overiaps 
with said second substrate (6). 

30 

2. The electrooptic device according to claim 1. wherein said orientation film (5) extends outside of the 
region overiapping with said second substrate (6) at least on an input terminal side of the substrate (1. 
2. 3, 4) excluding the area of a seal (9) for putting said two sut)strates together. 

35 3. The electrooptic device according to claim 1 or 2, wherein a protective layer (3) is formed between said 
color fitter (2) and said transparent electrode (4), said protective layer including one or more inorganic 
layers or organic resin layers. 

4. An arrangement comprising an electrooptic device according to any of claims 1 to 3 as a dimming cell, 
40 a pair of polarizers (14. 15) on opposite sides of the dimming cell (200) and one or more optical 
anisotropic bodies (100) between said dimming cell and said polarizers. 
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FIG.5 
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FIG. 6 
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